Introduction: Titanium dioxide nanoparticles (TNPs) have a wide range of applications in industry, medicine and environmental technology. Nowadays, TNPs have raised researcher's concerns on their toxicity. Lycopene is a dietary carotenoid having a potent antioxidant effect. Aim: To evaluate the effect of TNPs on the structure of renal cortex of rats and to assess the possible protective effect of lycopene against TNPs nephrotoxicity. Material and methods: Forty five adult male rats were divided into four groups. Group I (the control group) included 20 rats, which were divided equally into 4 subgroups. Subgroup IA was the negative control, Subgroup IB given one ml corn oil by gastric tube, Subgroup IC given one ml distilled water intraperitoneally (i.p) and Subgroup ID given one ml corn oil by gastric tube and one ml distilled water (i.p). Group II included 5 rats received a daily dose of 10 mg/kg body weight (BW) of lycopene by gastric tube for 4 weeks. Group III included 10 rats injected with 150 mg/kg BW (i.p.) of TNPs daily for 4 weeks. Group IV included 10 rats received both TNPs and lycopene at the same aforementioned doses for 4 weeks. Kidney specimens were prepared and sections were stained with hematoxylin and eosin and Masson's trichrome. Immunohistochemical detection of desmin, anti-proliferating cell nuclear antigen (PCNA) and caspase-3 was done. Results: Our results revealed that group II had similar findings nearly as group I. Group III showed congested dilated glomerular capillaries. The convoluted tubules showed exfoliation of some lining epithelial cells and degenerative changes. There were interstitial haemorrhage, mononuclear cell infiltration and increase in collagen fibers around degenerated convoluted tubules and glomeruli. A significant increase in desmin-expression in the glomerular cells was observed. Besides, there were significant increases of PCNA positive nuclear and caspase-3 cytoplasmic reactions in renal tubular cells. Group IV revealed amelioration of these changes. Conclusion: Lycopene protected rat's renal cortex against TNPs nephrotoxicity.
INTRODUCTION
Nanoparticles (NPs) are wide spread nowadays all over the world and the exposure to these materials is expected through several mechanisms. Exposure might take place throughout environmental discharge into water, air or soil during the industrial process, disposition of manufacturing or engine combustion or research waste. NPs could be liberated from machining, sanding or disposing of nanomaterial-containing products. Also, exposure might happen during biologic elimination from a primary target or throughout device wear [1] .
The kidney is one of the vital organs in the body, excreting of body waste products and drugs through highly specialized cells located in renal nephrons. Kidney diseases can lead to life-threatening sequels. The kidney functions can be altered by many environmental contaminants, chemicals and drugs [2] . The wide variety of potential applications of NPs in electronic, optical and biomedical fields attracts many scientists to give much attention for more researches on nanotechnology [3] .
Silicon, titanium and iron are the most well known metallic oxide NPs used in industries. The production and widespread use of NPs in various fields affect health through environmental and occupational exposures and consumer products [4] . Titanium dioxide (TiO 2 ), an odorless and noncombustible white powder can crystallize in three structures as rutile, brookite and anatase. TiO 2 is a semiconducting chemically inert material that displays photocatalytic activity when subjected to light [5] .
Titanium dioxide nanoparticles are one of the famous widely produced NPs in the world due to their wonderful physicochemical characters, as biocompatibility, resistance to corrosion, their low cost, whitening, photocatalysis and ease of obtaining at nano sizes. They are one of the most five NPs used in industry and have several beneficial uses in sciences as cosmetics, pharmaceuticals, medicine, neutralizing and destroying the cancer cells, engineering, water treatment, purification and filtration of gases, especially air and decolorization [6 -8] .
Nowadays, several studies have revealed that TNPs are toxic accumulate to human organs as kidneys, liver, lungs, spleen, central nervous system and heart and give rise to oxidative stress. They are absorbed into the body by ingestion, inhalation, and dermal penetration, and are distributed to important organs as kidneys, liver, lungs, brain, and lymphatic organs [9] [10] [11] [12] [13] .
The kidney is considered to be one of the vital organs susceptible to the impact of TNPs as a result of their filtration through uriniferous tubules [6] . Nowadays, much attention has been directed to the use of dietary antioxidants of natural products for prevention and treatment of such drawbacks and may have a significant role in keeping and safeguard health [14] .
Carotenoids have expanded implementation as antioxidants in dietary supplements because they are safe and cheap, also restore the optimal balance and strengthen the endogenous antioxidant defenses [15] .
Lycopene has been reported as one of the potent antioxidants among dietary carotenoids found in plenty amount in watermelon, tomatoes, pink grapefruit, papaya and pink guava. The human body is unable to synthesize carotenoids, so diet is the only source of these compounds for body tissues and organs [16] [17] [18] .
Lycopene has several pharmacological and biological actions such as anti-inflammatory, antioxidant, anti-fibrotic and anti-apoptotic activities. It inhibits proliferation of several types of cancer cells, including those of lung, breast, colorectal, endometrium and prostate. It also hinder smalignant transformation of brain cells in rodents [19, 20] .
Moreover, it may relieve chronic diseases such as eye disease, coronary heart diseases, male infertility, osteoporosis and inflammation. Also, it acts as a protector against chemical-induced hepatic and renal damage [17, 19] .
The aim of this study is to evaluate the effect of TNPs and the possible protective role of lycopene on the adult male albino rats renal cortices.
MATERIAL AND METHODS
Forty five adult male albino rats of weight range 180-210 gm were used. The animals were obtained from the animal house, Moshtohor Faculty of Veterinary Medicine, Benha University. The animals were housed in special cages and were maintained under standard labo ratory conditions and fed standard balanced diet and water ad libitum. The animal experimental protocol was approved by the Institutional Animal Care Committee.
Experimental design
Rats were divided into four groups.
Group I (control group): included 20 rats, were further divided into 4 equal subgroups as follows: .
Subgroup IA: 5 rats kept as a negative control with no treatment.
Subgroup IB: 5 rats received 1 ml corn oil (vehicle for lycopene) by gastric tube daily for 4 weeks.
Subgroup IC: 5 rats were injected i.p. with 1 ml distilled water (vehicle for TNPs) daily for 4 weeks.
Subgroup ID: 5 rats were given one ml corn oil by gastric tube and one ml distilled water (i.p) daily for 4 weeks.
Group II (lycopene group): This group included 5 rats received lycopene at a dose of 10 mg/kg body weight dissolved in corn oil as a vehicle orally by gastric tube daily for 4 weeks [21] .
Group III (TNPs group): 10 rats injected i.p. with TNPs at a dose of 150 mg/kg body weight suspended in 1 ml distilled water daily for 4 weeks [6] .
Group IV (TNPs and lycopene): 10 rats received TNPs together with lycopene at the same time and doses as the above groups for 4 weeks.
Chemicals
Titanium dioxide nanoparticles (TNPs) anatase, ˂25 nm, powder form and lycopene powder were purchased from Sigma Chemical Co (St. Louis, Missouri, USA).
Histological and immunohistochemical study
At the end of the experiment, the rats were anesthetized with diethyl ether and dissected. Fresh specimens of right renal cortex were collected and fixed immediately in 10 % neutral buffered formalin. Paraffin sec tions (5 μm in thickness) were prepared and stained with Masson's trichrome to detect collagen fibers and H&E to verify histological details [22] .
Immunohistochemical assessment

1-Immunohistochemical staining for detection of desmin
The primary monoclonal antibody was the mouse anti-desmin monoclonal antibody (Lab Vision Corp, Neomarkers, Inc /Lab Vision, Fremont, California, USA). The positive reaction was brown color in the cytoplasm.
2-Immunohistochemical staining for detection of antiproliferating cell nuclear antigen (PCNA)
The primary monoclonal antibody was anti PCNA IgG antibody (Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA). The cellular site of the reaction was brown color in nuclei of the cells.
3-Immunohistochemical staining for detection of caspase-3
The primary monoclonal antibody was the mouse monoclonal primary antibody to caspase-3 (Ab-7, Mouse Mab. MS.). The cellular reaction appeared as brownish cytoplasm of the cells.
Immunohistochemical study was conducted using the avidin -biotin peroxidase method. Briefly, 5μm sections were deparaffinized, rehydrated, rinsed in tap water, and embedded in 3% H 2 O 2 for 10 min to block endogenous peroxidase.
The sections were treated initially with 2% trypsin at 37°C for 10 min in order to increase the sensitivity of the immune-peroxidase staining method. Sections were immersed in an antigen retrieval solution (10 mmol/l sodium citrate buffer, pH 6) and subjected to heatinduced antigen retrieval for 20 min in a microwave. Non-specific protein binding was blocked by a blocking solution (phosphate buffered saline (PBS) and 10% normal goat serum). The slides were incubated with the diluted primary antibody using PBS for 30 min. Drops of streptavidin peroxidase were added to the slide, left for 20 min, then washed with PBS for 5 min. The chromogen Diaminobenzidine (Dakopatts, Glostrup, Denmark) was added to slides, thereafter the slides were washed with distilled water. Finally, the sections were counterstained with Harris's hematoxylin (H), dehydrated, and cover slipped. Negative controls were run routinely in parallel by omitting the primary antibody. The binding of the primary antibody was visualized using the commercial avidinbiotin-peroxidase detection kit (Dako) according to the manufacturer's instructions. Staining was completed with DAB Chromogen for 1-2 min, after which the slides were counterstained with Harris's hematoxylin, dehydrated, rendered transparent with xylene, cover slipped and observed under a light microscope.
Morphometric study
The mean area percentage of collagen fibers deposition, desmin immunostaining, PCNA immunoreactivity and caspase-3 immunostaining were quantified in five images of non-overlapping fields in sections of each rat's renal cortex using Image-Pro Plus program version 6.0 (Media Cybernetics Inc., Bethesda, Maryland, USA).
Statistical analysis
All the data collected from the experiment was recorded and analyzed using IBM SPSS Statistics software for Windows, Version 20 (IBM Corp., Armonk, NY, USA). Paired t-test was used to compare differences in group IV (TNPs and lycopene group) with group III (TNPs group). In each test, the data was expressed as the mean (M) value, standard deviation (SD) and differences were considered to be significant at P < 0.01.
RESULTS
Histological results
Hematoxylin and eosin stain
Group I: There was no histological difference between subgroups IA, IB, IC and ID. The renal cortex of the rats of this group revealed normal histological appearance of renal (Malpighian) corpuscles which were formed of glomerular capil laries and Bowman's capsules. The Bowman's capsule was formed of two layers, the outer parietal layer which was formed of simple squamous epithelium and the inner visceral layer formed of special cells called podocytes. The two layers were sepa rated by urinary space. Proximal convoluted tubules had narrow lumina. They were numerous and lined with simple truncated cubical (pyramidal) cells with basal spherical nuclei. Distal convoluted tubules had wide lumina. They were less numerous and were lined with simple cubical cells with central or apical spherical nuclei (Fig. 1 ).
Group II: The structures of the renal cortex of rats of this group were similar to that of the rats of group I.
Group III: Revealed histological changes in the form of congested and dilated glomerular capillaries, epithelial cell flattening and cytoplasmic vacuolation of some tubular cells, intratubular cell debris, exfoliation and extrusion of some epithelial tubular cells, apparent luminal dilatation and some tubular cells had pyknotic nuclei. There were mononuclear cell infiltrations among degenerated tubules and renal corpuscles and interstitial haemorrhage (Figs 2 and 3 ).
Group IV: Revealed most of the renal glomeruli and tubules more or less normal, but few tubules revealed cytoplasmic vacuolations in their lining cells (Fig. 4 ).
Masson's trichrome stain:
Group I (the control group): The renal cortex of the control rat revealed minimal amount of collagen fibers around the renal tubules, capillary tuft of glomeruli and Bowman's capsules (Fig. 5 ).
Group II: No noticeable changes were seen in the distribution of collagen fibers in the renal cortex in this group in comparison with group I.
Group III: Revealed an increase of col lagen fibers around Bowman's capsules, glomerular capillary loops, the convolut ed tubules (Fig. 6 ) and around mononuclear cell infiltrations (Fig. 7 ).
Group IV: Revealed few collagen fibers around convoluted tubules and glomeruli (Fig. 8) .
Immunohistochemical staining of desmin:
Group I: The renal cortex of the rats of this group showed a negative desmin immunostaining in the renal glomeruli (Fig. 9 ).
Group II: No noticeable changes were seen to desmin immunostaining in this group in comparison with the group I.
Group III: Revealed positive desmin immune reaction in the renal glomerulus (Fig. 10 ).
Group IV: Revealed apparent decrease of desmin immune reaction in the renal glomerulus compared to group III (Fig. 11) .
Immunohistochemical staining of PCNA:
Group I: The renal cortex of the rats of this group revealed faint positive PCNA immune reaction in renal tubular cells (Fig. 12 ).
Group II: No noticeable changes were seen to PCNA immunoreactivity in this group in comparison with the group I.
Group III: Revealed increase positive PCNA immune reaction in renal tubular cells (Fig. 13) . PCNA-positive proliferating mononuclear cells in interstitial tissue were also noticed (Fig. 14) .
Group IV: Revealed apparent decrease positive PCNA immune-reactivity in renal tubular cells (Fig. 15) .
Immunohistochemical staining of caspase-3:
Group I: The renal cortex of the rats of this group revealed negative caspase-3 immune reaction of the tubular cell cytoplasm (Fig. 16 ).
Group II: No noticeable changes were seen to caspase-3 immunostaining in this group in comparison with the group I.
Group III: Revealed highly expressed caspase-3 reaction in the cytoplasm of the tubular cells (Fig. 17 ).
Group IV: Revealed apparent minimally expressed caspase-3 reaction in the cytoplasm of the tubular cells (Fig. 18) .
Morphometric results
The mean area % of collagen fibers deposition, desmin immunostaining, PCNA immunoreactivity and caspase-3 immunostaining for all groups was represented in tables (1-4) and histograms (1-4). There was a significant decrease (P˂ 0.01) in collagen fibers deposition, desmin immunostaining, PCNA immunoreactivity and caspase-3 immunostaining in group IV compared with group III. (H&E × 400). 
DISCUSSION
Nanoparticles have been used in several applications as science, technology, medicine and many other fields. Among the many types of NPs, the TiO 2 which is one of the most produced NPs in the world, have attracted particular technological and scientific interest because of their unique chemical and physical characters and also their influence on human health and the environment [23, 24] . However, the present researches about the toxicities of NPs, both in naturally occurring particles and in engineered nanomaterials, are highly increasing [25] .
In this study titanium dioxide was injected by i.p route. The drug absorption by i.p injection is good and rapid because of the intensive blood and lymph vessels in the peritoneum beside its large surface area, thus the drug easily reached to the circulation. Moreover, injection can avoid the common gastrointestinal side effects related to oral route of administration [26] .
The kidneys are particularly vulnerable to toxic substances due to their high blood supply. They receive about 25% of the cardiac output [27] . They eliminate deleterious substances from the body; therefore, NPs in the systemic circulation can be filtered by renal clearance [28] . The International Program on Chemical Safety for TiO 2 declared that ingested TiO 2 is eliminated mainly through urine [29] . Thence, the kidney is viewed to be one of the vital organs susceptible to the injurious effects of TiO 2 .
The histological examination of re nal cortex sections of group III revealed various changes, such as apparent congested dilated glomerular capillaries, flattening of the epithelial lining of some tubules, exfoliation and pyknosis of some tubular cells with apparent luminal dilatation and intratubular cell debris.
These results were in accordance with previous histological studies which revealed that nephrotoxic effect is associated with TiO 2 exposure [6, 7, 11] . The tubular degeneration was supported by a significant increase in caspase-3 reaction. Some studies supported this finding and showed that TNPs exposure could induce apoptosis in different types of cells or organs, as the liver, spleen and kidney [7, 25] .
Apoptosis (programmed cell death) is a complex biological process that is important for regulating cell survival via removal of deteriorated or diseased cells [30] . It is usually applied to any kind of cell death mediated by an intracellular death program, regardless of the initiated mechanism [27] . Caspase-3 is a well known marker of apoptosis, which could be activated by both extrinsic and intrinsic apoptotic pathways and consequently lead to breakdown of DNA [31] [32] [33] .
In present study, group III showed significant increase of desmin immunostaining in the renal glomeru lus. The intermediate filament protein (desmin) had been known as an indicator of podocytic injury. The expression was often upregulated in various glomerular diseases in which podo cytic injuries were involved [34, 35] .
Podocyte epithelial dedifferentiation was associated with the induction of mesenchymal markers such as desmin. The increase of transforming growth factor-β1 in the damaged kidney might lead to podocytic epithelial dedifferentia tion and mesenchymal transition. On the other hand, desmin expression in podocytes is considered as an essential marker for podocyte epithelial-to-mesen chymal transition [36] .
In the current study, group III revealed congested dilated glomerular capillaries, mononuclear cell infiltrations and fibrosis between degenerated tubules and renal corpuscles. Recent studies clarified that nanoparticles as TNPs after entry into cells, lead to initiate inflammatory mechanisms, apoptosis and generate the oxygen free radicals which harm the nucleus and mutate DNA, and also alter the functions of cells [7, 13] . Some authors stated that TNPs increased expression of different cytokines as tumor necrosis factor-α, interleukins (ILs) specially IL-6 and IL-8 and chemokines, which are directly chemotactic to leukocytes and other cells which participate in inflammatory reaction and subsequent kidney damage [37] . Thus the mononuclear cell infiltrations showed in this group were inflammatory cell infiltrations participating in inflammatory response.
On the other hand, some scientists stated that the leakage of fluid from the tubules causes edema and cellular infiltrations which finally lead to interstitial fibrosis. However, the flattened cells with flattened nuclei observed lining some tubules may be transformed into fibroblasts [6] .
Fibroblasts originate mainly within the interstitial tissue through a process called epithelial-mesenchymal transition. The change of tubular epithelial cells into a mesenchymal phenotype is started by disturbance in the balance of local cytokine concentrations. As a consequence to chronic inflammation and persistent injury of the kidney parenchyma, fibroblasts raise their numbers and by secreting large amount of extracellular matrix, disturb normal interstitial architecture of the kidney. Many studies postulated that in renal fibrosis, more than thirty percent of all disease-related, fibroblasts originate from tubular epithelial cells at the site of injury. Fibroblastic proliferation in response to local mitogens commonly resulted in tubulointerstitial nephritis and irreversible renal failure. New therapeutic interventions in renal fibrosis are directed toward inhibition of fibroblast formation. This can be done by shifting local cytokine balance in favour of reflection of mesenchymal-epithelial transition [27] .
In this study there was a significant increase in the number of brown PCNA positive nuclei in renal tubular cells and PCNA-positive proliferating mononuclear cells in interstitial tissue was seen in group III. PCNA is a marker of cell division and proliferation. PCNA found in cell nucleus and was directly involved in DNA synthesis [38] .
Previous studies revealed that the mechanism of action of TiO 2 induced nephrotoxic effect was mediated via release of the products of oxidative stress such as different cytokines, reactive oxygen species and at the same time the decrease of cellular antioxidants. These reactive oxygen species of oxidative stress were detrimental and injurious to the cell compounds as lipid, protein and membranes, eventually leading to inactivate structural proteins, enzymes, and ion pumps, increase lipid peroxidation, impairment of cell functions, inflammation, cytolysis, interstitial fibrosis, mutation and damage to DNA and apoptosis [4, 13] .
Moreover, Masoud et al. [39] stated that, in the presence of TNPs, the nicotinamide adinine dinucleotide phosphate (NADPH) oxidase produces more superoxide ions leading to more oxidative stress.
The histological examination of group IV of this study showed marked amelioration of various changes pro duced by TNPs. Most of the glomeruli were more or less as that of the control. A significant decrease of collagen fibers, desmin, PCNA and caspase-3 reaction were detected. These results were in agreement with previous investigators who reported that lycopene has a protective effect [20, 40, 41] .
CONCLUSION
TNPs have a nephrotoxic effect at the level of the dose given in this study. So, it is convenient to decrease the exposure to these particles as possible.
Lycopene which is a potent antioxidant carotenoid has a protective role against TNPs nephrotoxicity. Subsequently, workers' exposed to TNPs are advised to intake natural carotenoids. 9. Ultrafine titanium dioxide particles in the absence of photoactivation can induce oxidative damage to human bronchial epithelial cells. Gurr JR, Wang
